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It has been my good fortune during the past 5 or 6 years at Yale
to workwith several men concentrating on problems in reproduction,
many of which have involved reactions to sex hormones. One
important problem was to see how far we could force normal growth
into the abnormal,-in other words, to see just how important hor-
monal stimulation might be as a factor in the production of cancer in
female genital organs. As an incentive we had the considered opinion
of an outstanding eastern gynecologist, who stated that he thought
that ovarian hormones had very little to do with mammary or
uterine cancer.
As far as my own viewpoint was concerned, the beginning was
an appreciation of follicular hormone as a growth stimulator of
female genital tissues, and foundation work, done in collaboration
with Dr. M. D. Overholser at the University of Missouri, which
attempted to produce cervical cancer in monkeys by excessive estro-
genic treatment.39 40 Abnormal growths were induced which looked
histologically precancerous, but they retrogressed quickly after hor-
mone treatment was stopped. Apparently the stimulus was not
great enough or the defense mechanism of the monkey was too
resistant.
In the early stages of the work at Yale several favorable factors
came into play. First, the opportunity of affiliating Dr. L. C. Strong
and his colony of inbred cancer mice with the department. The
second fortunate factor was the collaboration of Dr. William U.
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Gardner, first as research fellow, then as valued associate. A third
important factor was the collaboration of Dr. G. M. Smith, surgeon
and pathologist, especially interested in problems of cancer. With-
out his viewpoint as pathologist, we, without clinical training, might
well have hesitated in embarking on investigations of cancer.
This work on atypical growth threw much light on other normal
processes in reproduction and endocrinology. It seemed that study
of normal conditions led to this excursion into the pathological, and
then the pathological turned interest back to the normal again.
Other investigators who have contributed much, either individu-
ally, or in groups as collaborating investigators, include Doctors
W. W. Greulich, W. 0. Nelson, R. T. Hill, C. A. Pfeiffer, P. V.
Rogers, J. B. Hamilton, A. Kirschbaum, J. Benoit, and W. H.
Newton. There follows brief mention of some of the "high points"
in work which it has been my good fortune to see at first-hand. The
references to publications indicate specific authorship;* the inten-
tion here being merely to invite your interest to the original papers.
STUDIES OF ATYPICAL GROWTH
It would have been gratifying if our first attempts to produce
cervical carcinoma in monkeys had been successful, for the glands of
the monkey cervix are similar to those of women, but the monkey is
still proving obstinate as far as experimental cancer is concerned.
Mice seemed to offer more promise as experimental animals.
Inbred strains of cancer mice. By inbreeding, involving brother
to sister mating, more than a dozen different genetic strains of mice
have been established with varying degrees of susceptibility or resist-
ance to cancer.46' 47 While mammary cancer has been studied most
intensively, there are many types of cancer represented in these
inbred mice.
Hemoglobin level. Searching for an early diagnostic sign of
impending cancer, a decided drop in the hemoglobin content of the
blood in strains of cancer-susceptible mice has been found before the
actual appearance oftumors.49
Effect of diet oncancer incidence. One surprising finding in the
last few years has been that diet has a definite effect on the incidence
of cancer. Mice raised on one type of diet have a high incidence of
* Some restriction of subject matter, because of limited time, prevents mention
of other work-embryological, neurological, and genetic, as well as endocrine-by
these and other members of the department.
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cancer and it occurs at earlier ages. When the same strain of mice is
fed other diets the incidence is reduced and the age of appearance
of cancer is extended. In searching for the dietary factor respon-
sible, it was found that one of the fractions of a certain essential oil
(heptyl aldehyde) added to the food decreases the incidence of some
types of tumors. Not only will this treatment reduce the incidence of
spontaneous mammary cancer, but once the tumor has appeared,
addition of this chemical fraction to the diet is followed by lique-
faction of the center and sometimes by resorption of the tumor.48
Some of the early results in both mice and dogs are promising.
Reproduction in cancer mice. These inbred mice have provided
the best material for continued study of reproduction, as well as of
cancer. In one strain of inbred mice mammary cancer appears in
more than 80 per cent of all females between the ages of 6 and 12
months.45 It requires only about 6 weeks for asmall palpable nodule
to become a mammary cancer and not very much longer before the
mouse dies of this cancer.
A challenging question was "What happens to the reproductive
systemwhen mammary cancer begins to grow rapidly and to produce
a serious drain upon the body?" It was known that estrogenic hor-
mones stimulategrowth ofthe mammary glands. Does rapid growth
of mammary tissue in a cancer upset the endocrine balance necessary
for rhythmic estrous functions in uterus and vagina which also
require estrogenic hormone? Estrous cycles were recorded in cancer
mice as soon as the tumors became palpable. As the tumors grew
rapidly, the estrous cycles lengthened, became irregular, and in some
cases disappeared altogether.4 Microscopic sections showed the
vagina and uterus to be very atrophic-similar to the condition of
castrate animals; and the ovaries to be very small-like those ofvery
old mice. These animals were by no means old enough to have
reached natural menopause (if one may use that term for a mouse).
There are some aspects of genital atrophy in cancer mice reminiscent
ofproblems of ageing.
Is the nature of this drain of the mammary cancer on the organ-
ism primarily endocrine? Injections of estrogens into these cancer
mice induced full estrous growth in bothvagina and uterus and secre-
tion in the uterus. Implants of anterior pituitary glands from other
mice stimulated the ovaries to follicular growth, with, secondarily,
estrous conditions in the vagina and uterus. Therefore, both genital
tract and gonads in these cancer mice-were still reactive.
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Survey of mammary glands in 10 strains of mice varying in
susceptibility to cancer. Starting in 1933 a thorough search2' has
been made for differences in the mammary glands of 10 strains of
mice susceptible or resistant to cancer. Whole mounts of all the
mammarytissue in these animals at representative stages of life have
been studied and foundations of normal conditions laid for later
studies of mammary cancer. Many interesting things have been
found, such as (1) failure of development of the third pair of
nipples in one particular strain of mice, (2) failure of some mam-
mary gland rudiments of the male to respond to estrogens while
others in the same mouse did respond, (3) persistence of hyper-
plastic nodules in involuting mammary glands of old mice which
seem peculiar to animals of cancer-susceptible strains. The existence
of multiple hyperplastic nodules at this age provides several poten-
tial loci for cancer, and when one grows rapidly into a cancer and is
removed, another may accelerate growth and become lethal. This is
not due to metastases, but to multiple hyperplastic loci with poten-
tialities for development into cancer.
Multiple tumors and related genital organs in the mouse. Our
mouse colony has proved a fertile source of material for interesting
observations for instance, that of multiple tumors in organs inter-
related by endocrines.22 One female mouse had S cancerous nodules
of the mammary gland, granulosa cell tumors in both ovaries, a
pituitary gland 14 times larger than normal, and the uterus in an
extremely cystic and hyperplastic condition. Which of these abnor-
mal conditions was primary? The endocrine relationship between
pituitary, ovaries, uterus, and mammary glands is well established.
Many investigators have confirmed Lacassagne's original observa-
tion34 that long-continued treatment of male mice with estrogens at
high levels will be followed by mammary cancer.19 If these males
carry the genetic predisposition, they die from mammary cancer
after feminization by estrogenic hormones. Cystic hyperplasia of
the uterus has been induced by excessive treatment with estrogens.
Pituitary hypertrophy and frank pituitary tumors have also been
reported after excessive estrogenic stimulation, but only in certain
strains of mice. Granulosa cell tumors of the ovary secrete ovarian
hormone, for when transplanted into male mice they induce growth
of the mammary rudiments of the host.50
Fibromyomas of the uterus. Long-continued injections of estro-
gens in guinea-pigs have been followed by development of multiple
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fibromyomas of the uterus.3" After injections of as much as 50 rat-
units daily for 8 months, the first sign of abnormality was the appear-
ance of extensive bleeding from the vagina, just as in cases of uterine
fibroids in women. Laparotomy showed multiple button-like fibro-
myomatous tumors on the peritoneal surfaces of the uterine cornua.
These tumors did not extend into the lumen of the uterus. Whether
bleeding from the endometrium is causally related to the tumor
xnasses or is merely a parallel development is uncertain.
In the guinea-pig there is an extreme epithelial growth of the
cervix, with metaplasia, pearl formation, and other conditions similar
to those found in the monkey, but even more extreme. It is of
interest to note that extended treatment with estrogen at high levels
has so far failed to produce uterine fibromyomas in mice, rats, and
monkeys. Why should the guinea-pig seem especially susceptible
to uterine fibromyomas, as apparently are Negro women?
Cervical carcinoma. Although attempts to produce cervical car-
cinomas in monkeys and in guinea-pigs have not yet been successful
in demonstrating independent growths, the final proof has been
obtained in mice."6 Nineteen tumors diagnosed histologically as
cervical carcinomas have appeared following long-continued estro-
genic treatment. It has been possible to transplant bits of cervical
carcinoma into other mice, males as well as females, and demonstrate
independent growth of the cancer in the host without additional hor-
monal stimulation. As yet there are no cases on record of spontane-
ous cervical cancers in mice. It is interesting to note that some of
these animals developed mammary cancer, and the mammary cancer
had to be removed surgically to afford the animal a long enough life
for growth of the cervical carcinoma.
Sarcomas followsng injections of estrogens. In attempts to pro-
duce cancers by estrogenic treatment, we have looked for tumors of
the female genital organs because these organs normally react to
estrogens. It was found that at the sites of injections sarcomas may
occasionally develop.20 Sixhave beenfound todate; not ahigh inci-
dencewhen oneconsiders the hundreds of animalsinjected with estro-
gens, but it does establish the fact that in some cases sarcomas may
develop in tissues not ordinarily reacting to estrogenic stimulation.
ASSOCIATED ENDOCRINE STUDIES
Secretion of estrogenis by testicular tumors. Of extreme interest
in relation to studies of tumors and intersexual conditions has been
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the finding of male dogs with mammary hypertrophy. These males
were treated as bitches by their canine suitors. On laparotomy they
were found to have tumors in testicles retained in the abdomen.26
This seemed to be quite a clear-cut case of secretion of estrogen by
testicular tumors.
Ovaries may secrete male hormone. While attempts to produce
atypical growths by excessive hormonal stimulation were a major
pursuit, many other endocrine experiments were in progress. At
this time we became increasingly aware of intersexual conditions; the
excretion of male hormone by females and of female hormone by
males had been demonstrated. Tumors of the suprarenal cortex are
known to be sources of masculinizing influences; perhaps the normal
suprarenal cortex is also a source of androgen excreted by females.
Some transplantation experiments of gonads, however, produced evi-
dence that the ovary itself may secrete male hormone.31 Ovaries
were transplanted into the ears of male mice, and then the testes of
the hosts removed. These transplanted ovaries in some cases secreted
enough male hormone to sustain in good functional condition the
seminal vesicles and prostates. At first some positive and some nega-
tive results were obtained; later it was found that if experimental
animals were exposed to cool temperatures the ovaries in the ears
secreted male hormone. When the same animals were then placed
in a warm environment, the male hormone output decreased, as
indicated by "wilting" of the seminal vesicles and prostate. These
results bring a realization that as a source of masculinizing influence
in females, ovarian tissue, perhaps the ovarian medulla, has secretory
potentialities for male hormone.
Skeletal changes inSduced by estrogens. Modification of the
pelvis by hormone action to enlarge the birth canal in certain animals
is well known.6 Examples are (1) the resorption of the symphysis
pubis of the female pocket-gopher at the time of puberty and (2)
the relaxation of the pelvic ligaments of the guinea-pig. Both can
be produced experimentally by injecting hormones.
Mice, males as well as females, on intensive and extended treat-
ment with estrogens undergo complete resorption of the osseous
symphysis pubis.'5 The only bond across the ventral midline is liga-
mentous. The resorption is so extensive that some of the ventral
muscles which previously attached to the pelvis then take their
attachment from the ligamentous bond. In normal mice this is pro-
gressive,-complete resorption occurring only after several preg-
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nancies. Apparently in the mouse the concentration of estrogens or
the duration of one pregnancy does not permit attainment of the
hormone threshold for the complete reaction. Somewhat similar
pelvic conditions may occasionally appear in women.5"
Formation of new bone in the marrow cavities during treatment
with estrogens. While the bone of the symphysis pubis is being
resorbed during estrogenic treatment, new bone is being laid down
in the marrow cavities of other bones.17 In extreme experimental
cases the marrow cavities have been completely replaced by a forma-
tion of new bone. Then, searching in normal mice, it was found
that spicules of new bone formed in untreated females toward the
end of pregnancy. In normal pigeons and sparrows at the time of
egg laying, the marrow cavities also show evidence of new bone for-
mation.42 Serum calcium and phosphorus levels did not rise appre-
ciably in the blood of experimental mammals during this new
formation, but in birds on estrogenic treatment these levels can be
doubled or even tripled. The lipoids in the serum may also reach a
high concentration.
When male sex hormone isinjected simultaneously with effective
doses of estrogen alone, the skeletal changes are prevented, both the
resorption of the symphysis pubis and the formation of new osseous
tissue in the marrow cavities of other bones."8 This explains why it
requires higher estrogenic levels to induce these skeletal changes in
males than in females.
STUDIES RELATED TO OVULATION) ESTRUS) AND MENSTRUATION
Human quadruplets. While these studies were in progress
other interesting phases of reproduction were intruding. Before
leaving the University of Missouri, I spent an acquisitive morning
with a former student, and finally induced a coroner and a patholo-
gist to release a set of quadruplets, all females and apparently iden-
tical, which had recently been born alive about 6 months after the
last recorded menstrual period. Quadruplets are rare,-only one
set in 670,000 births. There was some question as to whether these
quadruplets might be homozygous or two sets of identical twins.
The study utilized anthropometric measurements, X-rays, study of
ossification, palmar and plantar dermatoglyphics, and parallel dis-
sections of the four fetuses, including weight determinations of the
organs."4 Comparisons of these data showed that all were remark-
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ably alike in a majority of characteristics, but in a few characteristics
the double-twin relationship was clear.
Six pairs of fraternal twins born to the same parents were studied
and reported25 in 1937. These conditions would, of course, require
two ovulations for each pair. In this report was included a fortunate
section of a human ovary (not from the mother ofthese twins) which
had two early corpora lutea at the same stage of development, indi-
cating twin ovulations.
Ovulations and electrical potenrtials in rabbits and in women. In
the fall of 1934 a moving-picture was obtained of ovulation in the
rabbit.82 In spite of several technical difficulties, rupture of follicles
in ovaries immersed in fluid made possible a restudy of ovulation.
The bulge at the rupture point, preliminary leakage of fluid, extru-
sion of fluid and then the gelatinous contents and ovum, followed by
hemorrhage were clearly visualized. It left the impression that
ovulation is a sudden event, rather than a slow evacuation of fol-
licular contents as previously described.
This led to measurements of electrical potential during ovulation
in the rabbit and the discovery that with the rupture of each follicle
there is a sudden rise in electrical potential as measured between the
cervix uteri and the symphysis pubis."' Similar tests in women have
shown that rise in electrical potential accompanies ovulation in
woman, as in the rabbit.
Electrical potewial during the estrous and menstrual cycles.
There is a slow rise inelectrical potential, sometimes two rises, during
the course of an estrous cycle in the rat.43 Records of potential con-
stitute a definite pattern in regular cycles. This curve is different
from the ovulation potential, which may be visualized as a spur on
the summit of the major peak of estrous potential. Removal of the
ovaries was followed by adisappearance ofthe typical estrous pattern
and its replacement by irregular variations in potential. Estrous
cycles experimentally induced by injections of ovarian hormone in
ovariectomized rats are marked by the characteristic pattern of
potential.
Extension of this type of study to the menstrual cycle in women
is producing some very interesting results which bear on both normal
cycles and on irregularities in menstruation."2
Growth responses to estrogens asstudied by the colchicine technic.
One always welcomes a chance to restudy a question with an
improved technic. This opportunity opened when Dr. Smith
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returned from abroad with a first-hand description of the colchicine
technic, discovered by Dustin and Lits at the University of Brussels,
and advanced by the studies of Ludford in England. This technic
has been used by us to study the reaction of the genital tissues to
estrogens.7 Colchicine, in the proper dose, arrests cells in mitosis,
thus summarizing the dividing cells for 8 or 10 hours or more.
This makes it possible to distinguish the part of growth in an organ
(defined as increase insize) which is due to actual cell division from
that which is due to (I) increased blood supply, (2) increased tissue
fluids, (3) accumulation of cells, and (4) enlargement of cells; all
of these factors are included when weights of organs are used as
criteria of growth.
Several interesting viewpoints have been obtained by the use of
this method. For instance, we are now able properly to seriate
responses of tissues to estrogenic hormones. One of the first things
that follows injection of estrogen into ovariectomized females is
dilation of the vessels which supply the genital organs. Vasodila-
tation is followed by an increase in the tissue fluids, especially in the
connective tissues. Then, by using the colchicine technic, the begin-
ning of cell division can be located accurately. In the castrate mouse
mitosis begins first in the lateral walls of the vagina and then appears
in the tips of the glands of the uterus. After an initial period of
glandular growth, cell division stops in the glands and they begin
secreting, while cell division continues in the superficial endome-
trium. The wave of growth can also be quantitated in the vagina
and in the "sexual skin" of monkeys.
We had always suspected that a wave of growth would extend up
into the uterine tubes to replace some of the cells which are elimi-
nated in the degenerative stage of the cycle, but it had not been
possible to obtain adequate evidence for such replacement. By the
use of the colchicine technic, it has been possible to show that at
certain times these epithelial cells are replaced by cell division.1 The
limits of this wave of cell division in the tubes have not yet been
clearly defined. Controls injected with colchicine and showing
tubes containing few cells in mitosis lead to the conclusion that
colchicine alone does not stimulate cell division in these organs. It
hasbeen clear, however, that the utero-tubal junction is often a sharp
dividing line between a rapidly growing uterine mucosa and a quies-
cent tubal epithelium. There is some sort of growth differential at
this point.
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Trauma stimulates growth. With the colchicine method it has
been demonstrated (1) that stimulation of certain tissues by trauma,
as well as by hormones, will induce growth,44 and (2) that mitosis
in muscle fibers of the uterus follows both hormonal stimulation7 and
a traumatic stimulation induced by distending the uterus with paraf-
fin pellets.8 Apparently, several stimuli, other than endocrine,
which increase blood supply will induce cell division in tissues in
which growth is normally dominated by hormones. This need not
necessarily mean that the action of estrogens is merely vasodilator.
The discoverers of the colchicine technic, in attempting to explain
the great number of mitoses in certain tissues, have suggested that
the drug may stimulate mitosis in cells which already have "a blas-
tic potentiality." To the contrary, genital tissues of control castrate
mice injected with colchicine alone show very little cell division.
Apparently they lack the "blastic potentialities" until stimulated by
the hormone or by other stimuli. The controls for these experiments
are clearly negative. When one appreciates that the vagina of a
mousestimulated byestrogenic hormone will grow from twoto more
than 12 layers of cells in 48 hours, and that an ovary stimulated by
pituitary follicle stimulating hormone will show extremely rapid
follicular growth, there is no need to consider colchicine a stimulator
of mitoses.
Ovogenesis during sexual maturity. By the use of colchicine it
has been possible to find much better evidence than was heretofore
available for the addition of new eggs to the ovaries from the germi-
nal epithelium of normal adults.2 Mitosis in the germinal epithe-
lium-the first stage of postpubertal ovogenesis-is clear-cut at
certain times in the adult mouse. Many negative ovaries in animals
injected with colchicine do not support the contention that the drug
alone stimulates mitosis in the germinal epithelium. Search is still
in progress for adequate evidence in the ovaries of monkeys and of
women. The problem here is much more difficult.
MAMMARY GLANDS AND LACTATION
The crop gland reaction to prolactin. The exceedingly rapid
growth of the crop glands of both male and female pigeons, in
response to stimulation by the lactogenic hormone of the pituitary,
lends itself admirably to study by the colchicine technic.35 As many
as 26 per cent of the cells in the gland can be caught in division at
one time by this method. Growth of this tissue is probably as rapid
60RECENT STUDIES OF REPRODUCTION
as that in the vagina of the rat or mouse during stimulation by estro-
genic hormones, or that in the liver of the rat when this organ is
regenerating after partial removal (Brues).
The mammary glands. Studies of the growth of the mammary
gland have been greatly facilitated by the use of colchicine. This
technic accentuates the growth of a collar of cells at the base of the
nipple in the mouse.7 If large amounts of estrogen are injected,
maintaining the hormone level considerably above normal for a long
time, atypical mammary growths, such as "the witch's broom,"
appear. Such a specimen was, obtained from a rabbit after injection
of 5,000 I. U. of estrogen per week for 10 months. Estrogen alone
will induce growth of the mammary gland in the ovariectomized
monkey, and when this is followed by the lactogenic hormone of the
pituitary, secretion occurs.5 In youngmaleswith rudimentary glands
it requires from 6 to 8 months and a total dose of 80,000 I. U. of
estrogen to lead to growth equivalent to that of the adult non-
pregnant female.23 At the end of 8 months of continuous estrogenic
treatment, the mammary glands of young female monkeys are still
growing rapidly, while the uterus is small, atrophic, fibrotic,-per-
haps exhausted from too much estrogenic stimulation. This is an
interesting example of differential thresholds of hormone for uterus
and mammaryglands. Nevertheless, the monkey's mammary glands
do not seem to develop tumors.
STUDIES OF PREGNANCY
Endocrine function of the placenta. Experiments in which the
embryos of mice were killed by pinching, with the placentas left
intact, add evidence for the placenta as an endocrine organ.37 Such
retained placentas carry on function until the normal time of parturi-
tion. It was found that in such animals with placentas retained there
was no immediate drop in the mother's body weight. Instead, she
maintained body weight until the placentas were delivered at term.
This is apparently due to control of body fluids, especially excretion.
There was no increase in water intake, but the excretion of water was
limited until the placentas were expelled.
Further evidence for the endocrine function of the placenta is the
continued growth of the mammary glands while placentas are
retained.38 If the placentas, as well as the embryos, are destroyed
or aborted the mammary glands involute considerably in 2 or 3 days.
Maternal hormone levels affect development of embryos. In
61YALE JOURNAL OF BIOLOGY AND MEDICINE
1924 it was demonstrated that estrogens injected into the pregnant
guinea-pig would pass through the placenta and affect female
embryos.1" Concentrated male hormone, when injected into preg-
nant rats, affects female embryos:" 28, 30 (1) by preventing proper
development of the "MUllerian" ducts so that the vagina has no
opening to the outside and (2) by preventing proper development
ofthe nipples. These youngwhen raised to adulthood have normal
ovulating ovaries and estrous uteri much distended with secretion
which does not escape because the vagina is not patent. Mammary
rudiments are present under the skin, but as in male mice, nipples
do not develop.
The "female" pelws. Apparently "the typical female pelvis,"
as described in text-books of anatomy, is much less frequent than is
usually implied.27 When studied by improved pelvimetric methods,
it is found that typically "feminine" girls may have the supposedly
male type of pelvis. There seems little correlation between body
build and shape ofpelvis.
PITUITARY-GONADAL RELATIONSHIP
Experimentally induced menstruation in immature monkeys. It
is possible to induce menstruation in very immature monkeys.
Treatment with estrogens in adequate doses for a period of I0 days
is followed by menstruation fromavery immature uterus. In search-
ing for the hormonal threshold for menstruation at different ages,
an interesting point in conditioning was noted.3 It was found that
in frankly immature animals as much as 500 R.U. in 10 days is
required to induce a first experimental menstrual period. (It requires
only one-fifth this dose (100 R.U.) in an ovariectomized adult.)
If, however, an immature monkey is given 150 R.U. of hormone in
10 days, then a period of rest, then a second treatment with 150
units, menstruation usually follows the second treatment. Repeti-
tion of clearly subthreshold doses, with a short rest period between
is effective. This seems a clear indication that the menstrual rhythm
may be initiated by repetition of hormone levels, any one of which is
inadequate for inducing menstruation. While the importance of the
pituitary in ovarian function is not questioned, a greater importance
should be placed upon the ovary in initiating this ovarian-pituitary
relationship which controls menstruation.
Effect of light on reproduction. It has been stimulating to see
at close quarters a repetition of Benoit's experiments on ducks,
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involving stimulation of reproductive function by increased light.
The stimulus acts through the pituitary upon the gonads which
secrete to stimulate the genital organs. Illumination of the cut
stubs of the optic nerves or of the pituitary gland itself is effective.10
Of equal interest is his demonstration that the thyroid gland is
important for light stimulation of gonadal hypertrophy in the duck,
for after the thyroid gland is removed the liver hypertrophies to
twice the normal size and becomes a golden color (due to storage of
lipoids) and the gonads do not hypertrophy.9
Other experiments on the effect of light on reproduction in birds
have shown that the ovaries are not so easily affected as are the
testes, but a final proof of the differential in reactivity came when
testes were transplanted into female sparrows, and then these
bisexual birds subjected to light.33 Birds carrying both ovary and
testis exposed to added light showed spermatogenesis in the testes
before any response could be elicited from the ovaries.
Gonad secretions modify pituitary functioni. Some problems can
be approached bygland transplantation which wouldbe moredifficult
to study by injections of hormones, a sex differential in pituitary
secretion, for instance. Transplantation of gonads of the opposite
sex in young rats on the day after birth and removal of their own
gonads has demonstrated that the sex of the gonad determines the
level of secretion of the pituitary gonadotropic substance.4' Trans-
planted testes in the females transform genetically female pituitary
to the male secretory type and vice versa.
An effect of male sex hormone on tanning of the skin of castrates
when exposed to sunlight. The almost "prison pallor" of the human
castrate has been noted for some time. A man about 30 years of age,
castrated after becoming the father of two children, noted inability
to tan while at the seashore. During the following winter he
received treatment with male hormone and a tan developed.29 It
seemed as though the exposure of the previous summer was
''developed" by the male sex hormone treatment during the follow-
ing winter. This was tested by exposure to ultraviolet light during
alternate periods of treatment with androgenic hormone and by
wearing patches of surgeon's plaster to provide control areas. There
could be no question that this castrate would not tan on exposure to
ultraviolet light unless under treatment with male hormone, and
that a previous exposure while not on treatment could be
"developed" by subsequent treatment with male hormone.
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CONCLUSION
The studies here outlined have been so diverse that no concise
summaryis possible. One of the principal conclusions that has taken
shape from some of this work is that estrogenic hormones have
remarkable power to stimulate growth in female genital tissues, and
that normally pauses occur between periods of growth. If the hor-
monal stimulus is maintained at concentrations sufficient to over-ride
defense mechanisms of the body, this continued stimulus may carry
growth processes into abnornMal conditions. Then tumors or cancers
may develop. Genetic factors are undoubtedly important, but
endocrine factors may also be deciding ones in the development of
cancer.
REFERENCES
1 Allen, Edgar: Hyperplasia in the epithelium of the uterine tubes. Am. J.
Obst. & Gynec., 1938, 35, 873.
2 Allen, Edgar, and Creadick, Robert N.: Ovogenesis during sexual maturity.
The first stage, mitosis in the germinal epithelium, as shown by the col-
chicine technique. Anat. Rec., 1937, 69, 191.
3 Allen, Edgar, Diddle, A. W., Burford, T. H., and Gardner, W. U.: Ovarian
hormone threshold for experimental menstruation in monkeys. Am. J.
Physiol., 1936, 117, 381.
4 Allen, Edgar, Diddle, A. W., Strong, L. C., Burford, T. H., and Gardner,
W. U.: The estrous cytles of mice during growth of spontaneous mam-
mary tumors and the effects of ovarian follicular and anterior pituitary
hormones. Am. J. Caiter, 1935, 25, 291.
5 Allen, Edgar, Gardner, W. U., atid Diddle, A. W.: Experiments with theelin
and galactin on growth and function of the mammary glands of the
monkey. Endocrinology, 1935, 19, 305.
6 Allen, E., Hisaw, F. L., and Gardner, W. U.: The endocrine functions of
the ovaries. Chap. VIII, Sex and Internal Secretions, 2nd Ed., pp. 499-
503. Allen, E., Danforth, C. H., and Doisy, E. A. (Eds.), Williams
and Wilkins, Baltimore, 1939.
7 Allen, Edgar, Smith, G. M., and Gardner, W. U.: Accentuation of the
growth effect of theelin on genital tissues of the ovariectomized mouse
by arrest of mitosis with colchicine. Am. J. Anat., 1937, 61, 321.
8 Allen, E., Smith, G. M., and Reynolds, S. R. M.: Hyperplasia of uterine
muscle, as studied by colchicine method. Proc. Soc. Exper. Biol. & Med.,
1937, 37, 257.
9 Benoit, J.: Influence of hypophysectomy and thyroid glands on liver of duck.
Proc. Soc. Exper. Biol. & Med., 1937, 36, 784.
10 Benoit, J.: Facteurs externes et internes de l'activite sexuelle. II. Etude du
mecanisme de la stimulation par la lumiere de l'activite testiculaire chez
le canard domestique. Role de l'hypophyse. Bull. Biol., 1937, 4, 393.
11 Burr, H. S., Hill, R. T., and Allen, Edgar: Detection of ovulation in the intact
rabbit. Proc. Soc. Exper. Biol. & Med., 1935, 33, 109.RECENT STUDIES OF REPRODUCTION 65
12 Burr, H. S., and Musselman, L. K.: Bio-electric phenomena associated with
menstruation. Yale J. Biol. & Med., 1936, 9, 155.
13 Courrier, R.: Nouvelles recherches sur la folliculine; contribution a 1'etude du
passage des hormones au travers du placenta. Compt. rend. Acad. d. sc.,
1924, 179, 2192.
14 Diddle, A. W., and Burford, T. H.: A study of a set of quadruplets. Anat.
Rec., 1935, 61, 281.
15 Gardner, W. U.: Sexual dimorphism of the pelvis of the mouse; the effect of
estrogenic hormones upon the pelvis and upon the development of scrotal
hernias. Am. J. Anat., 1936, 59, 459.
16 Gardner, W. U., Allen, E., Smith, G. M., and Strong, L. C.: Carcinoma of
the cervix of mice receiving estrogens. J. Am. Med. Asso., 1938, 110,
1182.
17 Gardner, W. U., and Pfeiffer, C. A.: Skeletal changes in mice receiving
estrogens. Proc. Soc. Exper. Biol. & Med., 1938, 37, 678.
18 Gardner, W. U., and Pfeiffer, C. A.: Inhibition of estrogenic effects on the
skeleton by testosterone injections. Proc. Soc. Exper. Biol. & Med., 1938,
38, 599.
19 Gardner, W. U., Smith, G. M., Allen, E., and Strong, L. C.: Cancer of the
mammary glands induced in male mice receiving estrogenic hormone.
Arch. Path., 1936, 21, 265.
20 Gardner, W. U., Smith, G. M., Strong, L. C., and Allen, Edgar: Development
of sarcoma in male mice receiving estrogenic hormones. Arch. Path.,
1936, 21, 504.
21 Gardner, W. U., and Strong, L. C.: The normal development of the mammary
glands of virgin female mice of ten strains varying in susceptibility to
spontaneous neoplasms. Am. J. Cancer, 1935, 25, 282.
22 Gardner, W. U., Strong, L. C., and Smith, G. M.: An observation of primary
tumors of the pituitary, ovaries, and mammary glands in a mouse. Am. J.
Cancer, 1936, 26, 541.
23 Gardner, W. U., and Van Wagenen, G.: Experimental development of the
mammary gland of the monkey. Endocrinology, 1938, 22, 164.
24 Greene, R. R., and Ivy, A. C.: The experimental production of intersexuality
in the female rat with testosterone. Science, 1937, 86, 200.
25 Greulich, W. W.: The birth of six pairs of fraternal twins to the same parents.
J. Am. Med. Asso., 1938, 110, 559.
26 Greulich, W. W., and Burford, T. H.: Testicular tumors associated with
mammary, prostatic, and other changes in cryptorchid dogs. Am. J.
Cancer, 1936, 28, 496.
27 Greulich, W. W., and Thoms, H.: The dimensions of the pelvic inlet of 789
white females. Anat. Rec., 1938, 72, 45.
28 Hamilton, J. B., and Gardner, W. U.: Effects in female young born of preg-
nant rats injected with androgens. Proc. Soc. Exper. Biol. & Med.,
1937, 37, 570.
29 Hamilton, J. B., and Hubert, Gilbert: Photographic nature of tanning of
the human skin as shown by studies of male hormone therapy. Science,
1938, 88, 481.66 YALE JOURNAL OF BIOLOGY AND MEDICINE
30 Hamilton, J. B., and Wolfe, J. M.: The effect of male hormone substances
upon birth and prenatal development in the rat. Anat. Rec., 1938, 70,
433.
31 Hill, R. T.: Ovaries secrete male hormone. III. Temperature control of male
hormone output by grafted ovaries. Endocrinology, 1937, 21, 633.
32 Hill, R. T., Allen, E., and Kramer, T. C.: Cinemicrographic studies of rabbit
ovulation. Anat. Rec., 1935, 63, 239.
33 Kirschbaum, A., Pfeiffer, C. A., and Van Heuverswyn, J.: Gonad-hypophyseal
relationship in the English sparrow, Passer domesticus L. Anat. Rec.,
1939, 73 (Suppl. 2), 31.
34 Lacassagne, A.: Apparition de cancers de la mamelle chez la souris male, soumise
a des injections de folliculine. Compt. rend. Acad. d. sc., 1932, 195,
630.
35 Leblond, C. P., and Allen, Edgar: Emphasis of the growth effect of prolactin
on the crop gland of the pigeon by arrest of mitoses with colchicine.
Endocrinology, 1937, 21, 455.
36 Nelson, W. O.: Endometrial and myometrial changes, including fibromyoma-
tous nodules, induced in the uterus of the guinea-pig by the prolonged
administration of cestrogenic hormone. Anat. Rec., 1937, 68, 99.
37 Newton, W. H.: Some problems of endocrine function in pregnancy. Chap. X,
Sex and Internal Secretions, 2nd Ed. Allen, E., Danforth, C. H., and
Doisy, E. A. (Eds.), Williams and Wilkins, Baltimore, 1939.
38 Newton, W. H., and Lits, F. J.: Criteria of placental endocrine activity in the
mouse. Anat. Rec., 1938, 72, 333.
39 Overholser, Milton D., and Allen, Edgar: Ovarian hormoine and traumatic
stimulation of monkey's cervix to a condition resembling early cancer.
Proc. Soc. Exper. Biol. & Med., 1933, 30, 1322.
40 Overholser, Milton D., and Allen, Edgar: Atypical growth induced in cervical
epithelium of the monkey by prolonged injections of ovarian hormone
combined with chronic trauma. Surg., Gynec., & Obst., 1935, 60, 129.
41 Pfeiffer, C. A.: Alterations in the percentage of cell types in the hypophysis by
gonad transplantation in the rat. Endocrinology, 1937, 21, 812.
42 Pfeiffer, C. A., and Gardner, W. U.: Skeletal changes and blood serum calcium
level in pigeons receiving estrogens. Endocrinology, 1938, 23, 485.
43 Rogers, Philip V.: Changes in electrical potential during the cestrous cycle of
normal and experimental rats. Thesis, Yale University School of Medi-
cine, May, 1937.
44 Rogers, P. V., and Allen, Edgar: Epithelial growth caused by stimulation with
various smear methods as demonstrated by mitotic stasis with colchicine.
Endocrinology, 1937, 21, 629.
45 Strong, L. C.: The establishment of the C3H inbred strain of mice for the
study of spontaneous carcinoma of the mammary gland. Genetics, 1935,
20, 586.
46 Strong, L. C.: Production of the CBA strain of inbred mice: long life asso-
ciated with low tumor incidence. Brit. J. Exper. Path., 1936, 17, 60.
47 Strong, L. C.: The establishment of the "A" strain of inbred mice. J. Hered-
ity, 1936, 27, 21.RECENT STUDIES OF REPRODUCTION 67
48 Strong, L. C.: Possible effect of oil of gaultheria in diet of mice susceptible to
spontaneous carcinoma of the mammary gland. V. Growth rate and cer-
tain retrogressive changes of tumors after onset of malignancy. Am. J.
Cancer, 1936, 28, 550.
49 Strong, L. C., and Francis, Lillias D.: The blood of female mice (breeders)
of cancer-susceptible (A) and cancer-resistant (CBA) strains. Arch.
Path., 1937, 23, 202.
50 Strong, L. C., Gardner, W. U., and Hill, R. T.: Production of estrogenic
hormone by a transplantable ovarian carcinoma. Endocrinology, 1937,
21, 268.
51 Thoms, H.: Relaxation of the symphysis pubis in pregnancy. J. Am. Med.
Asso., 1936, 106, 1364.
GENERAL SUPPLEMENTARY REFERENCES
Allen, Edgar: Reactions of the genital tissues to estrogens. Cold Spring Harbor
Symposia on Quantitative Biology, 1937, 5, 104.
Allen, Edgar, Danforth, Charles H., and Doisy, Edward A., Editors: Sex and
Internal Secretions, 2nd ed. Williams and Wilkins, Baltimore, 1939.
Allen, Edgar (in collaboration with Smith, G. M., Gardner, W. U., Strong, L. C.,
and Nelson, W. O.): Ovarian hormones and the development of atypical
growths and malignant tumors. A Symposium on Cancer, University of
Wisconsin Press, Madison, 1938.
Gardner, W. U.: Estrogens in carcinogenesis. Arch. Path., 1939, 27, 138.